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What is claimed is: 

Aa notor vohicl o all whee l drivo ayotom for automatioalh 

providing maximum traction and eflBciency without wheel slip, with regeMration and 
retardation for each individual wheel of the vehicle under all loading aiya driving 
conditions regardless of driving surface, characterized in that: 

the system includes a drive motor for each wheel a^d means at each 
wheel operative to sense a loss of traction. 
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2. A motor vehicle all wheel drive system according to claim 1 

wherein: 

the system further includes a device^for generating energy; 
each motor receives energy froij/the generating device and drives a 
wheel of the vehicle; 

the system further includes^an energy storage device and a device for 
directing energy flow in the system; avid 

the means at each wheel operative to sense a loss of traction comprises 
means for sensing wheel load ana operative; 

in response to sensed wheel load to direct energy from the 
energy generating device tcrthe motor; 

in response to a sensed loss of wheel load to reduce the energy 
supply to the motor ajra direct the motor energy discharge to the energy storage 
device; and 

in response to a sensed resumption of wheel load to direct 
regenerative ^ergy from the energy storage device to the motor to assist in powering 
the motor. 



3. A motor vehicle all wheel drive system according to claim 2 
whe/ein each motor is further operative to provide forward and reverse propulsion. 



4. A motor vehicle all wheel drive system according to claim 3 
whftrftin thft ftn^rgy from the generating device is Utilized to provide forward and 
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leveise ihDlox diivi; diid llic sluied ene rgy from the etierg y i^ioiage device is ulilizei 
to provide only forward motor drive only when the motor is directed to a forwaj? 
drive mode and the motor is no longer overrunning. 
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5. A motor vehicle all wheel drive system accordingyto claim 3 

wherein: 

the energy provided to each motor is proportioned /b the setting of an 
acceleration control device for the vehicle; and 

the energy provided to each motor is varied id proportion to the turning 
radius of the wheel powered by that motor when making a turn. 

6. A motor vehicle all wheel dnve system according to claim 3 
wherein the system further includes a brake a/midXed means for each motor operative 
to divert the output of the motor to the eg^gy storage device and thereby retard the 
rotation of the motor. 
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7. A motor v§mcie all wheel drive system according to claim 2 

wherein: 

the device fo/ generating energy is an engine driven axial piston pump 
providing fluid pressure^d flow rate independent of each other; 

each motor comprises a balanced vane type hydraulic motor defining 
two separate chambers wherein generated pressurized fluid from the generating 
device is deliv^ed to one chamber of each motor and stored pressurized fluid from 
the energy ^iriorage device is delivered to the other chamber of the motor; 

loss of traction is sensed by a drop in system back pressure; and 
the energy storage device comprises an accumulator for storing 
pressurized fluid. 



8. A motor vehicle all wheel drive system according to claim 7 
wherein,tlie energy directing device includes a first valving device contrnlleH hy Pi 
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'^ ehiolo flliifting Tnechanism and operative to snift the fluid flow to the hydraulic/ 
motor between forward and reverse mode. / 

9. A motor vehicle all wheel drive system according to claim 7 
wherein: ^ / 

the system includes a tank; and / 
the energy directing device further includes a se/rand valving device 
coupled to the first valving device and operative to direct tjafe flow of pressurized 
fluid firom the accumulator to the motor only when the first valving device is in 
forward mode and the fluid discharge is to tank. / 

10. A motor vehicle all wheel ^rive system according to claim 7 
wherein: / 

each pump includes a yoke wnich is pinned at diametrically opposite 
ends with the yoke ends fi"ee to rotate about the pin connections; 

one pinned end of the is the center of a ball which is internally 
threaded and which is fi:'ee to rotaterelative to the yoke; 

an adjusting screw/is threadably received in the ball whereby rotation 
of the screw effects selective pivotal movement of the yoke; and 

the other end/of the yoke is connected to a lightly spring loaded piston 
subjected on one face toAimp output pressure by way of an internal passage and 
subjected on an opposite face to motor input pressure by way of an external 
connection. / 

1/1 . A motor vehicle all wheel drive system according to claim 10 

wherein: / 

/ the rotational rate of the axial piston pump is varied in response to 
variations in the RPM of the vehicle engine; 

/ each axial piston pump includes an electric motor driving the adjusting 
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- — the- ^ysteiii fuilliei iiidudcs dii electric motor modula ting mea 
operative in response to sensed variations in the vehicle steering angle to actuate the 
adjusting screw and thereby vary the flow rate of the associated axial pL^on pump. 



12. A motor vehicle all wheel drive system acccy^ing to claim 6 



wherein: 



the energy storage device comprises an accun;mlator; 
the system further includes a tank; and 

fluid pressure from brake actuation is o^rative to divert motor 
discharge from the tank to the accumulator. 

13. A motor vehicle all wlji^l drive system according to claim 2 

wherein: 

the device for generating/energy is an electric generator driven by the 
motor vehicle engine connected to a/convertor for modifying the generator output to 
a form suitable for the vehicle drb/e motors; 

each motor con^wises a reversible direct current series motor; 

the energy st9rage device comprises either a battery pack or a capacitor 

bank; 

loss of traction is sensed at each wheel by a DC tachometer circuit; and 
each i^rcuit includes a switch operative to divert the output of the 
respective motoran an overrunning condition to the energy storage device with the 
switch being actuated by the potential difference across the motor. 

14. A motor vehicle all wheel drive system according to claim 3 

whereii^ 

each motor comprises an electric motor; and 
the system includes a directional circuit assembly for each motor 
i/cluding a switch controlled by a vehicle shifting mechanism and operative to 
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4-5: A-mo lui vehicle all wheel diive syslem deem ding to claim 1 ■ 



wherein each circuit further includes a switch operative to release energy from tne 
energy storage device to the respective motor only when the motor is in a fqiovard 
mode and is no longer overrunning. 
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16. A motor vehicle all wheel drive system accor^g to claim 13 

wherein: 

motor speed is varied by a silicon controlled rejafifier circuit operated 
by input from the vehicle accelerator; and 

the speed of each motor is further modified by input from the vehicle 
steering system superimposed on the accelerator input to vary the motor speed in 
proportion to the turning radius of the wheel powered by that motor when making a 
turn. 
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17, A motor vehicle afl wheel drive system according to claim 13 
wherein each circuit includes a furth^ switch actuated by a brake of the vehicle and 
operative to direct the output of tne respective motor to the energy storage device. 

18, A mo^r vehicle all wheel drive system including a device for 
generating energy, a motor receiving energy from the generating device and driving a 
wheel of the motor velicle, an energy storage device for receiving energy discharge 
from the motor, and a directional device for directing energy flow in the system, 
characterized inyfliat: 

me system includes means for sensing wheel load; and 
the directional device is operative in response to sensed wheel load to 
direct eni^rgy from the energy generating device to the motor and is operative in 
response to a sensed loss of wheel load to direct the motor energy discharge to the 
energy storage device. 
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i^^— A motor vehicl e^alLwho ol drivo c v^tprp arrordin p; to niaim 
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^ho Gonsing oyslciii is ope rative in respOHSfe to a sensed resi 
wheel load to direct regenerative energy from the energy storage devicej 
to assist in powering the motor. 
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20. A motor vehicle all wheel dpv^ system comprising: 
a device for generating enei:g 

a motor receiving epier^ from the generating device and driving a 
wheel of the motor vehicle; 

mean§^r sensing wheel load; and 
leans operative in response to a sensed loss of wheel load to reduce 
the en^j^ supply to the motor from the generating device to a level matching the 



